INTRODUCTION
Minor levels of auto-recovery are expected after occurrence of spinal cord injury (SCI), particularly in cases with incomplete lesions. Complete SCIs on the other hand have a considerably lower chance of auto-recovery, and acute rehabilitation measures are recommended, especially within the first 4 weeks after the injury. 1,2 However, this acute rehabilitation may be delayed for various reasons. Major reasons for a delay in commencement of rehabilitation programs include a late presentation by the patient and a premature discharge with inadequate or no rehabilitation following initial hospitalization.
A major hurdle in the provision of rehabilitation programs in developing countries is the inadequacy of available facilities, especially for inpatient rehabilitation services. 1 Accordingly, Ackerman et al. developed an outpatient program for patients with complete motor SCI. They used a multidisciplinary approach and demonstrated independence levels comparable with inpatient rehabilitation programs (in patients who had already undergone a brief inpatient program). 3, 4 Outpatient day programs were considered to be extensions of inpatient rehabilitation, which helped reduce the length of hospitalization. These programs have uniformly used the Spinal Cord Independence Measure (SCIM) III scale as a reliable and a valid instrument to measure changes in functional outcomes. [5] [6] [7] [8] [9] Determining the optimal SCIM III scores as a function of neurological level and severity of the injury is an important prerequisite for assessing efficacy of rehabilitation programs. 10 To assess the quality of outcome regardless of the neurological level, the SCI Ability Realization Measurement Index (SCI-ARMI) has been developed as an independent assessment of functional gain after rehabilitation. [10] [11] [12] Given the very low probability of auto-recovery in patients with American Spinal Injury Association (ASIA) impairment scale A 13 choosing this group of patients minimizes the functional variation between cases due to auto-recovery, and helps attribute any changes to the rehabilitation interventions.
The aim of our study is to measure the SCIM III scores as well as SCI-ARMI values in ASIA Impairment Scale A SCI patients before and following a 6-month rehabilitation intervention consisting of a bimonthly multidisciplinary outpatient education program, in addition to twice-weekly occupational therapy, physical therapy and home nursing.
PARTICIPANTS AND METHODS Participants
This prospective study was conducted from April 2012 to December 2013 with 134 complete SCI patients selected from those referred to the Brain and Spinal Injury Repair Research Center (BASIR) affiliated to Tehran University of Medical Sciences. The patients were referred to BASIR as a tertiary center for SCI rehabilitation. At initial interview, the demographic and clinical data (including medical records, magnetic resonance imaging (MRI), computed tomography (CT) scan and X-ray images) were registered, and patients were classified according to the severity of injury. With permission from Institutional Review Board, patients aged between 18 and 60 years with ASIA impairment scale A, a traumatic cause for SCI, who had not received rehabilitation for at least a 6-month period and who provided informed consent were included in the study. Frankle grades were verified by two independent neurosurgeons at the first visit. Those with severe concomitant brain injury, clinically significant psychiatric or cognitive disorder, major disabling complications (for example, stage IV pressure sore, advanced heterotopic ossification in 41 joint) and those with a follow-up period of o6 months were excluded from the study. Major complications requiring inpatient treatment (one complicated pressure ulcer, one renal failure and urinary fistula, one hip osteomyelitis and one instrument failure) were admitted for inpatient services and treated outside the study. Application of the aforementioned criteria led to selection of 134 patients from a total of 450 individuals referred to the institute during the study time frame.
The neurological assessment results and prognosis were first discussed with the treatment team who then explained the diagnosis to the patients and their family. Possible emotional reactions and denials were managed by the neuropsychiatric team members including a clinical psychologist and a psychiatrist. The content of the multidisciplinary outpatient program was discussed with the patient, and written informed consent was obtained.
Program description
The program consisted of face-to-face education and group discussions for about 3 h, which took place at the institute every 2 months, and twice-weekly therapy sessions, which took place in patients' homes or locality. The majority of the participants received the same number of sessions, with the exception of complicated cases who received an extra two sessions. The bimonthly sessions of education for self-care included: feeding, bathing, dressing and grooming. Respiratory issues and sphincter management were also covered (incentive spirometry, self-catheterization, bowel training and toileting). Patient mobility education included wheelchair skills, assistive devices and transfer techniques. Techniques for prevention of complications such as pressure sores and autonomic dysreflexia were also discussed with patients. Patients participated in private sessions (to discuss sexual problems) and group sessions lasting~3 h (5-6 in each group with separate sessions for tetraplegic and paraplegic patients) with a multidisciplinary team including neurosurgeon, urologist, coloproctologist, occupational therapist, physiatrist, nurse specialist and psychologist. Persian translations of the guidelines of American Spinal Cord Medicine Consortium were also provided for patients as booklets in an educational package (www.scipg.com). Physical and occupational therapists, as well as home nurses, conducted 2-h sessions twice weekly during this 6-month period either in patients' homes or in the local health office.
Assessment and data collection
All the SCIM data have been reported according to the exact neurological level. In addition, the functional outcomes are reported according to the standardization of the grouping as recommended by Spinal Cord Journal. 14 Periodic assessments including SCIM III score evaluation and detection of any new complications were performed bimonthly after multidisciplinary sessions. SCIM III scores were recorded before the program began and at the end of the final session. The development of new complications or mortality was recorded. During the program, clients were contacted by phone calls and questions were answered by physicians. To determine the achieved percentage of the expected SCIM III score, SCI-ARMI was calculated according to the following formula for each level:
In this formula according to Catz et. al 10 , SCIM observed refers to patient's actual SCIM III score, and SCIM highest value refers to the arithmetic mean of two highest observed SCIM III scores for each neurological level.
Statistical methods
Data are represented by medians and quartiles. Mann-Whitney U-test and Kruskal-Wallis statistical tests were used for comparing the total SCIM III scores and score gains according to neurological levels. The χ 2 -test of trend was used for testing the linear trend of final total score by lesion levels. A P-value o0.05 was considered to be statistically significant. Linear regression analysis was performed for estimating the effect of age, education years and neurological level on the final SCIM III scores. All tests were performed as two-sided. SPSS software (version 21, IBM Corporation, New York, NY, USA) was used for data analysis.
RESULTS
All 134 patients participated in the program regularly, with at most a 1-week deviation from the scheduled time frame. There were no missing data. Demographic data and lesion characteristics are presented in Table 1 . Nearly 78% of the participants were male (M/F = 3.5), and the median age upon admission was 27 years (range: 20-59). The median value for education within the sample was 10.0 years. The median time after injury was 16 months, and most injuries were between T7 and T12 ( Table 1) . The median total SCIM III score on admission was 42.0, whereas at the final evaluation this figure increased to 51.5. The 9.5-score improvement from admission to final evaluation was significant (Po0.001). Median, first and third quartiles of final scores, and score gains for different neurological levels are presented in Table 2 . There was a very small gain (one unit) in total SCIM III scores for upper cervical patients. This gain was substantial for C5,6 patients (between 4 and 5 units). The gain in total SCIM III scores was considerably higher in patients with C7 or lower levels of injury. There was no significant difference in the total SCIM III score gain between upper thoracic, lower thoracic and lumbar level patients (P = 0.22). The range for median gains in total SCIM III scores for these levels was between 12 and 14 units.
The final values and changes in SCIM III subscales are presented in Tables 3 and 4 , respectively. There were no increases in the self-care (feeding, bathing, dressing and grooming) or mobility (room, toilet, indoors and outdoors) subscales for upper cervical level patients. There was no gain in median mobility scores for patients with SCI levels higher than C7. On the other hand, patients with the neurological level at or below C7 had a significant gain in sphincter management scores (5-8 units) . Subjects with L1-S1 level of injury showed the greatest improvement in mobility (indoors and outdoors) and sphincter management (bowel and bladder) subscales (Table 4 ).
The median final scores for 19 specific SCIM III tasks for different SCI levels are presented in Table 5 . The median final score in all specific tasks was zero for upper cervical patients, except for respiration (8 units) . For all neurological levels, median score gains for stair management and ground-to-wheelchair transfers were zero. Maximum observed final scores for specific neurological levels are compared with final outcomes following classic inpatient rehabilitation 4 and presented in Table 6 .
Final SCIM III scores and gains based on neurological levels are presented in Figures 1a and b , respectively. As expected, the final SCIM III scores show an increasing trend for more caudal SCI levels (Po0.001). Patients with C7 and lower levels of injury demonstrated more gains in total SCIM III scores, compared with upper neurological levels (P = 0.00003; Figure 1b) .
Multiple linear regression analysis was performed to assess the effect of education level, age and neurological status (tetraplegic vs paraplegic) on the final observed SCIM III scores. The neurological status, when adjusted for age and education level, had a significant positive effect on both the final and the highest observed SCIM III scores (Po0.001). Age did not show a significant association with the mentioned variables (P 4 0.7). Education level (in years) also showed a significant association with the final SCIM III scores (P = 0.005).
Final SCI-ARMI values for different neurological levels are shown in Figure 2 . As expected, there was no significant linear correlation between the final SCI-ARMI values and the neurological level (P = 0.32). Table 7 presents the mean SCI-ARMI values for different neurological levels. Linear regression analysis revealed that age did not have any significant effect on the final SCI-ARMI values in participants (P = 0.311). The cumulative incidence of major complications at the first evaluation is tabulated in Table 8 . All the complications were managed medically on an outpatient basis. No mortality occurred during the study period.
DISCUSSION
Inpatient and outpatient approaches to SCI rehabilitation can complement each other in the management of SCI patient populations as discussed in the pertinent literature. 3, 4 Studies highlight the benefits of significant cost reductions and continued high-quality care by using a combination of inpatient and outpatient programs.
The outcomes of an outpatient day care program with 114 motor complete medically stable SCI patients with a mean disease duration of Multidisciplinary outpatient program N Derakhshanrad et al ~3 months have been previously reported in 2010. 3 Their average follow-up period was 17 days, and the provision of accommodation was required for the duration of the program. In our study, the multidisciplinary outpatient program consisted of three educational sessions provided at two-month intervals combined with physical and occupational therapy, as well as nursing interventions provided twice weekly in each patient's city of residence. Our final maximum SCIM III scores were compatible with scores previously reported in other studies 4 when adjusted for the neurological level ( Table 6 ). As expected, upper cervical levels of injury do not benefit from outpatient programs, and inpatient protocols are more beneficial for them. Overall, a 9.5-unit improvement from admission to the final evaluation, approached 'substantial improvement' as defined by Scivoletto et al. 15 Some studies report a negative impact of higher age on rehabilitation outcomes of SCI patients 16 . The median age of participants in this study was 27 (range 20-59) years. A negative effect of age on outcome was not shown (P = 0.7), although results indicate a decreasing trend for observed final SCIM III scores with increasing age.
The majority of participants took part in rehabilitation following a delay of at least 16 months. Despite the fact that this may have been expected to negatively affect the final outcomes, 2,17 the increase in SCIM III scores was considerable. In this study, the importance of outpatient education even in late chronic SCI is highlighted (as the saying 'it's never too late to mend.'). Chhabra et. al 14 compared 61 chronic SCI patients (mean chronicity = 9.3 months) with 62 acute cases following participation in an inpatient program and reported a better outcome for acute cases. Early inpatient participation in acute rehabilitation programs, followed by outpatient multidisciplinary rehabilitation is recommended.
The sex ratio of our patients was similar to other studies. No relationship between sex and functional outcomes (P = 0.10) was Bold values denote the total of non-bold variables above them. found, and rehabilitation outcomes were person specific rather than gender specific 11 as previously identified.
Regarding injury severity, we included only ASIA Impairment Scale A cases to reduce the confounding effect of auto-recovery on functional outcomes. For incomplete SCI cases, mathematical models have been proposed to predict the expected SCIM III scores, based on ASIA motor score for various ASIA Impairment Scales. [10] [11] [12] Our patients consisted of 20% cervical cases compared with 50% in other outpatient-based studies. 3 This discrepancy may be attributable to the fact that it is more difficult for cervical patients to participate in outpatient programs because of travel distance and/or problems with local accessibility in outpatient setups.
For both the cervical and the thoracic cases, the observed final SCIM III scores were predictably better at lower neurological levels compared with upper lesions. No mobility subscale improvement was identified in upper cervical ASIA Impairment Scale A patients. They improved in respiration and sphincter management subscales, consistent with previous reports of outpatient programs. Inpatient services are considered more beneficial for upper cervical patients (Table 6 ). 3, 4 For patients in every neurological level, stair management and groundto-wheelchair transfer were very difficult to achieve, a finding consistent with other studies. 3, 4 In our patients, final SCIM III scores significantly increased with the descending neurological level. This finding may be perplexing for a rehabilitation team decision making when assessing the rehabilitation adequacy for various neurological levels. Correcting the absolute SCIM findings for SCI-ARMI would delete 'neurological level effect' on the final obtained SCIM III score (Figure 2) , and this correction enables treatment team for better assessment of program adequacy.
Limitations
One of the apparent disadvantages of an outpatient approach is the necessity to travel to participate in a rehabilitation program. Methodologically, the lack of comparison with an inpatient group is a limitation of this study. This is mainly owing to the fact that only severely ill cases are admitted as inpatients in our hospital. Also, a small sample size for estimating the program effects in some Multidisciplinary outpatient program N Derakhshanrad et al neurological levels was another limitation of this study. A further limitation is dependence on the education level and family support, that is, good family support was a prerequisite for a successful outcome in outpatient sessions. Nevertheless, outpatient sessions created a friendly atmosphere among the patients, most of them were willing to participate and happily pursue the program. It was also a motivation for promotion of self-care and social integration.
CONCLUSION
The current study demonstrates significant improvements in functional outcome for patients with complete injuries, with the exception of those with high cervical injuries, following a comprehensive outpatient rehabilitation program. It demonstrates the costeffectiveness of outpatient rehabilitation program as a complement to inpatient programs for patients without major complications. However, comprehensive inpatient rehabilitation may not always be available. Multidisciplinary outpatient programs are recommended as an effective but less costly method of providing rehabilitation for longterm achievement of independence among SCI patients, especially in developing countries.
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